The present study was carried out in Lake Dom Helvécio, in the state of Minas Gerais, with two main objectives: to demonstrate the contribution of the littoral zone, in order to better characterize zooplankton fauna; and to assess the distribution of zooplankton species in different habitats, i.e., the littoral zone with and without aquatic vegetation. The samples were collected in February and July 2006, throughout the littoral zone of the lake, in areas with and without aquatic vegetation. We identified a total of 188 species, of which 130 are new records for Lake Dom Helvécio. One hundred and eighty-four species were identified in the littoral zone with aquatic vegetation, and 117 in the zone with no vegetation. The higher zooplankton richness in areas of the littoral zone with aquatic vegetation can be related to the greater environmental heterogeneity. Compared to previous studies on the littoral zones of lakes along the middle River Doce, the present study expended greater sampling effort, and identified many more species. In relation to biological conservation, this study demonstrated the importance of the littoral zone for better characterization and conservation of the zooplankton fauna, especially when it is colonized by aquatic vegetation. Underestimating the richness of species may provide inaccurate data on the biota, as well as on the ecological conditions in an environment.
Introduction
Fresh waters contain a rich and diverse fauna, with some groups occurring exclusively in these environments. Despite this, the number of species present in continental aquatic ecosystems is still not widely known, less than 30% of the biodiversity; existing studies are concentrated in certain groups that are considered economically important, or are present in larger numbers, such as fish. Aquatic invertebrates form a very diverse group, play an important ecological role, participate directly in the processes that maintain the aquatic ecosystem (Purvis and Hector, 2000; Frouin and Lacobellis, 2003) , and often act as bioindicators of the quality and health of eco-systems (Majer, 1987) . Although 3,134 species of invertebrates have been identified in Brazilian fresh waters, it is estimated that approximately 8,000 non-recorded species must still exist (Rocha, 2003) . Eskinazi-Sant'Anna et al. (2005) , reviewing knowledge of the zooplankton biodiversity in the state of Minas Gerais, noted several factors that have contributed to the flaws in the knowledge of this fauna, such as the concentration of studies in certain hydrographic basins, the focus on certain taxonomic groups, and the lack of samples in lotic environments and littoral zones of lakes.
Within aquatic environments, the zooplankton fauna may vary greatly between the littoral and limnetic compartments. Several studies have demonstrated a higher richness in zooplankton species in littoral zones, especially when these are colonized by aquatic macrophytes (Pennak, 1966; Serrano and Toja, 1998; Lima et al., 2003) . The authors attributed this richness to the greater environmental heterogeneity and wider spectrum of ecological niches, mainly compared to the limnetic zone. Despite this, knowledge of the diversity and biology of the animals of this zone is still sparse compared to those of the limnetic zone. Thus, the ecological requirements and the areas of occurrence of many species remain unknown. This lack of studies on zooplankton organisms in littoral waters of the tropics also applies to Lake Dom Helvécio. Although many aspects of this lake have been studied since 1970, the majority of studies on the zooplankton community were carried out only in the limnetic zone.
Considering the large littoral area of Lake Dom Helvécio and the lack of studies on the zooplankton community in this compartment, the present study had two main objectives: to demonstrate the contribution of the littoral zone to a better characterization of the zooplankton fauna, and to assess these species' distribution in different habitats (littoral zone with and without aquatic vegetation).
Study area
Lake Dom Helvécio (Figure 1 ) is located in the Parque Estadual do Rio Doce, Minas Gerais, . It has an area of 6.87 x 10 6 m 2 , maximum depth of 32.5 m, volume of 8.31 x 10 6 m 3 and perimeter of 45,000 m. Its dendritic shoreline is bordered almost entirely by riparian vegetation typical of the Atlantic Forest. The lake is oligotrophic, and is thermally stratified during summer (warm monomictic), with circulation from May to September. Most of the littoral zone is covered by large banks of aquatic macrophytes, such as Eleocharis interstincta, Typha domingensis, Eichornia crassipes and Nynphaea sp. (Ikusima and Gentil, 1997) , as well as mixed banks.
Material and Methods
The samples were collected during the months of February and July 2006, at 16 locations throughout the littoral zone in each period, 10 colonized by the emergent aquatic macrophyte Eleocharis interstincta, and 6 without aquatic vegetation. The zooplankton samples were obtained at the subsurface, by filtering 200 L of water in a plankton net of 68 µm mesh size. The samples were preserved in buffered 4% formaldehyde. The mesozooplankton (Copepoda and Cladocera) were counted in acrylic cuvettes under a stereoscopic microscope. The microzooplankton samples (Rotifera and testate amoebae) were counted in a Sedgwick-Rafter chamber, under an optical microscope, until the number of species stabilized. The organisms were identified whenever possible to species level, and in some cases as morphospecies, due to the lack of samples for more detailed taxonomic analysis. Different populations (varieties 1, 2 and 3) of Netzelia ovirformis were separated by observation of differentiated morphological aspects within the same species.
The water temperature, pH, conductivity, and concentration of dissolved oxygen were measured with a Horiba U22 multi-analyzer. Water samples were also collected to determine the total nitrogen and total phosphorus concentrations, according to the recommendations of Mackereth et al. (1978) . The differences in species richness between the littoral zones with and without aquatic vegetation were assessed by the Mann-Whitney test. This analysis was done using the program STATISTICA 6.0. son. The differences between the recorded values were greater between the analyzed periods than between the zones with and without aquatic vegetation.
Results
A total of 188 zooplankton species were identified, 93 being Rotifera, 48 testate amoebae, 32 Cladocera, and 16 Copepoda. Comparing these data to those from previous studies (Santos, 1980; Matsumura-Tundisi and Okano, 1983; Matsumura-Tundisi, 1997; Brito, 2003 ; data bank of the Programa de Pesquisas Ecológicas de Longa Duração-PELD), we noticed that 130 represent new records for Lake Dom Helvécio (Table 2) : 51 Rotifera, 47 testate amoebae, 22 Cladocera, and 9 Copepoda.
Between the Copepoda, in the order Cyclopoida, 7 new records were established, plus 2 for Harpacticoida. There were no new records for the Calanoida. For Cladocera, 14 new species were recorded for the family Chydoridae, 4 for Daphnidae, 3 for Macrothricidae, and 1 for Sididae. There were no new records of Bosminidae or Ilyocryptidae.
The phylum Rotifera included a total of 18 families, of which 13 were new records: Brachionidae (3 new records), Colurellidae (11), Dicranophoridae (1), Euchlanidae (4), Gastropodidae (1), Lecanidae (17), Mytilinidae (2), Notomatidae (2), Synchaetidae (1), Testudinellidae (2), Trichocercidae (5), Trichotriidae (3), and Philodinidae (1). The families Collurelidae, Brachionidae and Lecanidae contributed the largest numbers of species.
The testate amoebae contributed nine families. Only one species, Arcella vulgaris, had been recorded prior to the present study.
One hundred and eighty-four species were identified in the littoral zone with aquatic vegetation, and 117 in the littoral zone without aquatic vegetation (Table 2) . This difference was statistically significant (Figure 2 ), during both the rainy season (Mann-Whitney test; U = 0.00, Z = 3.25, P = 0.001) and the dry season (Mann-Whitney test; U = 8.5, Z = 2.33, P = 0.02). This study is different from the previous ones carried out in littoral zones of lakes in the middle River Doce, in that it was richer in identified species and had a higher sampling effort (Table 3) . 
Discussion
According to Pandit (1984) , the aquatic macrophytes have a stronger influence on the physical and chemical characteristics of the water than do the terrestrial plants on their environments. However, the lack of important differences in the limnological variables between the two types of littoral environments (littoral zones with and without aquatic vegetation) within the same period is probably due to daily water mixing along the horizontal axis, caused mainly by the wind. The larger the sampling effort, the better the prospect of sampling rare species. However, even when using intensive sampling strategies, the list of obtained species may be relatively incomplete, depending on the habitat (Muirhead et al., 2006) . The zooplankton community of the pelagic zone of Lake Dom Helvécio was widely sampled by the PELD program (over a period of 7 years, with a total of 69 collections in the pelagic region) and by other extensive studies (Santos, 1980; Okano and Matsumura-Tundisi, 1983; Matsumura-Tundisi, 1997, with 6, 6 and 1 collections, respectively) . The large number of new records for the lake established in the present study was due simply to sampling in a poorly explored habitat, the littoral zone. Hence, the number of copepod species identified rose from 12 to 21, of cladocerans from 18 to 40, of rotifers from 60 to 112, and of testate amoebae from 1 to 48. In view of these findings, in many aquatic ecosystems the zooplankton species richness may be underestimated, because the majority of studies are done in the pelagic zone. In a review of studies of the zooplankton community in Brazil, Rocha et al. (1995) reported that the theory of impoverishment of the cladoceran fauna in the tropics in relation to the temperate regions is due to the lack of studies in littoral zones. According to the authors, typically littoral and diverse taxa, such as members of the families Chydoridae and Macrothrycidae, are not included in the species list in the majority of the studies.
The presence of vegetation is more important for the increase in species richness than the location of the collection, because of the greater complexity of this environment (Green, 1986) . The higher zooplankton species richness in the littoral zone with aquatic vegetation is related to the greater environmental heterogeneity, since the aquatic vegetation provides aquatic invertebrates with more resources and refuges from predation (Pieczynska, 1990) .
The periphyton community is developed on the submerged trunks and roots of floating macrophytes, and it constitutes a valuable food resource for the littoral zooplankton fauna. Another important food resource originating from aquatic macrophytes is organic detritus. A large portion of the biomass produced by aquatic macrophytes is transferred to other trophic levels through the detritus chain (Odum and de la Cruz, 1963; Esteves and Barbieri, 1983; Pagioro and Thomaz, 1999) , since the herbivore chain has little influence on the aquatic macrophytes (Santos and Esteves, 2002) . The testate amoebae are preferably associated with the vegetation above the sediment, and thus represent clear evidence of the influence of aquatic macrophytes on the distribution and richness of species, as demonstrated in the floodplain of the Paraná River by Velho et al. (1999) .
Although physical and chemical conditions significantly influence the structure of the zooplankton community (Bertilsson et al., 1995) , it was not possible to assess their contributions to the determination of the species richness gradient between the littoral zones with or without aquatic vegetation in the present study, because of the aforementioned similarities between these two environments.
The larger number of species recorded in this study in relation to previous studies in littoral zones of lakes along the middle River Doce can be explained mainly by the greater sampling effort and the presence of extensive aquatic macrophyte banks. Of the previous studies mentioned, only that of Brito (2003) was carried out in this same lake; Brito reported 35 zooplankton species, a relatively poor community, since in only one sampling locality of the present study 89 species were identified. Much of this difference may be related to the main focus of the previous study, which was the quantification of the zooplankton community biomass. Furthermore, the present study is the first to consider the testate amoebae in this environment; testate amoebae are a group with high diversity, mainly in aquatic vegetation.
In relation to biological conservation, the present study demonstrated the importance of the littoral zone, especially when colonized by aquatic vegetation, for a better characterization and conservation of the zooplankton fauna. Underestimating species richness may provide inaccurate data on the biota, as well as on the ecological conditions in an environment, leading to erroneous evaluation of the environmental impacts and/or conservation and management techniques, with serious implications for aquatic ecosystems.
